Objectives. Potential risk factors and their roles in the aetiology of hip OA are poorly understood. We analysed several alleged risk factors predisposing to hip OA in a 22-yr prospective study. Methods. A comprehensive health survey was carried out in 1978-80 in a nationally representative sample of adult Finns. In 2000-01, 1286 participants in that survey were invited for re-examination, and 909 agreed to participate. After excluding those with hip OA at the baseline and those who were no longer working, a total of 840 subjects constituted the present study population. Hip OA was diagnosed on the basis of a standardized clinical examination by physicians who applied uniform criteria both at the baseline and at the re-examination phase. Results. After 22 yrs of follow-up, hip OA was diagnosed in 41 subjects (4.9%). Heavy manual labour predicted the risk of developing hip OA [adjusted odds ratio (OR) 6.7; 95% CI 2.3, 19.5]. Permanent damage as a consequence of any musculoskeletal injury was also an independent predictor of hip OA (adjusted OR 5.0; 95% CI 1.9, 13.3). BMI, smoking, alcohol intake and leisure time physical activity were not factors which were predictive for hip OA. Conclusion. Heavy physical stress at work and major musculoskeletal injuries are associated with an increased risk of developing clinically diagnosed hip OA.
Introduction
No single factor alone is likely to cause OA, though heredity is believed to play an important role in the development of this disease [1] . The prevalence of hip OA clearly increases as an individual grows old [2] [3] [4] [5] , in fact old age is the most consistent risk factor for hip OA in both men and women [6, 7] . Otherwise the previous studies on the potential determinants of hip OA have largely arrived at equivocal or even conflicting results. A better understanding of the modifiable risk factors of hip OA and their interactions is necessary before one can develop efficient strategies aimed at the prevention of hip OA or the treatment of its consequences both at the individual and at the population levels.
Overweight [1, 8] , heavy physical stress at work [9] [10] [11] [12] and traumatic injuries [13] [14] [15] [16] are known to be factors predisposing to OA in the knee and hand joints. However, unlike the knee joint, the hip joint may benefit from being surrounded by robust anatomical structures, since these probably protect it against the adverse effects of repetitive overloading [17, 18] . Although some occupations, farming in particular, involve activities which can increase the risk of developing hip OA [19] , there is at best only moderate evidence that heavy physical workload contributes to the development of hip OA [20] .
The current knowledge about the determinants of hip OA originates mainly from cross-sectional and case-control studies [21] [22] [23] [24] [25] , which have identified associations between potential risk factors and advanced hip OA. Obesity seems to have a moderate positive association with the risk of hip OA [21, 25, 26] . Nevertheless, the roles of other potential risk factors of hip OA, such as smoking [27] , traumatic injuries [7, [22] [23] [24] [25] and leisure time physical activity [28] are still poorly understood.
At present, the risk factors for the development of hip OA have been investigated in three prospective studies [29] [30] [31] . These hypothesized that there may be a causal role for heavy physical workload and obesity. However, these previous studies have been based on selected study populations with mainly relatively short follow-up periods. We aimed at analysing the potential risk factors for independent prediction of hip OA in a populationbased prospective study with a follow-up period extending up to 22 yrs.
Study population and methods

Baseline examinations
Between 1978 and 1980, a sample of 8000 people who were representative of the Finnish population aged 30 yrs or over was drawn from the population register and invited to participate in a health survey: the Mini-Finland Health Examination Survey. The design and baseline results of this survey have been described previously [32] . In brief, 7217 subjects (90% of the sample) participated in the screening phase of the study, which comprised of questionnaires, interviews and standard laboratory and function tests (Fig. 1) . The questionnaires were checked and the interviews performed by specially trained nurses. Information on educational level (years), smoking history (never-smoker, ex-smoker, smoker), alcohol intake (expressed as absolute alcohol in grams/week) and level of physical activity (inactive, irregularly active, regularly active) was elicited by means of standard questionnaires. As part of the examinations, the body height and weight were measured and BMI calculated. Subjects were asked to attend a clinical examination if they had experienced any difficulties in walking due to hip pain during the previous month, or if they were found to have difficulty in performing the function tests, for example, when asked to squat or climb stairs. Specially trained physicians carried out the clinical examinations and diagnosed hip OA according to a standardized written protocol [5, [32] [33] [34] . The sensitivity of the screening procedure for hip OA was 100%, and a satisfactory agreement ( ¼ 0.44) was found between the clinical and radiological diagnosis of hip OA [5] .
Follow-up study
In 2000-01, another comprehensive national health examination survey, the Health 2000 Survey, was conducted. This was designed to be comparable with the Mini-Finland Health Survey [2] . All participants of the Mini-Finland Health Survey who were alive in 2000, and living in or around any of the five major regional cities, were invited for re-examination in conjunction with the Health 2000 Survey. Altogether, 1286 former participants were invited, and 909 of these participated in the follow-up study. At baseline, these subjects were, on average, 42 yrs old (S.D. 8 yrs, range 30-72 yrs). By the time of the follow-up study, their mean age was 63 yrs (S.D. 8 yrs, range 50-94 yrs). Table 1 shows distributions of baseline characteristics for the participants in the first examination in 1978-80 and for those re-examined in 2000-01. After exclusion of those with hip OA at the baseline and those who had withdrawn from the workforce, there remained 840 subjects (371 men, 469 women) who constituted this present study population. The clinical diagnosis of hip OA was made on the basis of disease histories, symptoms and clinical findings according to standard criteria (Table 2 ) evaluated by specially trained physicians who were unaware of the potential predictor variables recorded at the baseline. For the present study, the definite and probable diagnoses were combined into one diagnostic group.
In the Health 2000 Survey, there were two physicians in each of the five regional field teams. The quality assurance programme comprehended 4 separate days during which the repeatability of the clinical diagnosis of hip OA was tested across the field teams.
For this, all together 173 volunteers, aged 45-82, were recruited from outside the survey sample. Each of them was independently examined in turn by two physicians always coming from two separate field teams. The -value for the repeatability was 0.49 (95% CI 0.09, 0.90) for OA in the left hip (with a prevalence of 2.3% in both the first and the repeat examinations). Similarly, the -value was 0.61 (95% CI 0.26, 0.96) for OA in the right hip (with a prevalence of 2.3 and 2.9% in the two sets of examinations, respectively).
Definition of risk factors
The following risk factors were evaluated: age (in years), sex, education (in years), BMI (kg/m 2 ), physical workload (six categories), smoking (never-smoker, ex-smoker, smoker), alcohol intake (grams/week), leisure time physical activity (three categories) and injury history (yes, no).
The leisure physical activity was classified into three categories on the basis of responses to the questionnaire as follows:
Group 1: little physical exercise-mostly reading, watching television, listening to the radio, going to the cinema or restaurants, or doing tasks that do not require much physical exertion.
Group 2: physical exercise in connection with some hobbies or irregularly: as the main pastime, or in addition to the above: fishing, hunting, gardening, going on family outings, etc. fairly regularly, or taking some other form of exercise occasionally.
Group 3: regular physical exercise-as the main pastime, or in addition to the above, some kind of physical exercise regularly or fairly regularly, e.g. running, skiing, cycling, ball games, swimming, gymnastics, weight lifting, etc., regardless of whether these were done competitively, as a hobby or to improve physical condition, etc.
Physical workload was similarly classified into six categories on the basis of responses to the questionnaire as follows:
Group 1: light sedentary work-mainly consisting of sitting at a table, by a machine, etc. and involving only light manual work, e.g. intellectual work, studying, sedentary office work, handling light objects.
Group 2: other sedentary work: mainly sedentary, but involves handling fairly heavy objects, e.g. industrial work on a production line.
Group 3: physically light standing work or light work involving movement: mostly standing work without cumbersome movements or moving from one place to another without carrying heavy burdens, e.g. shop assistant, crane operator, laboratory work, office work or teaching work requiring much moving about.
Group 4: fairly light or medium-heavy work involving movement-involves a great deal of moving about and a fair amount of stooping down or carrying light objects, also work involving walking up and down the stairs or fairly rapid motion over rather long distances, e.g. light industrial work, forest surveying, messenger's work.
Group 5: heavy manual work-either mostly standing work involving much lifting of light objects or lifting and carrying heavy objects, drilling, excavating, hammering, etc., but with some sitting or standing, e.g. work in the heavy engineering manufacturing, construction work, using or assembling heavy tools, goods or parts, agricultural work using machines.
Group 6: very heavy manual work-mostly consisting of continuous or fairly continuous heavy movements, often done without interruption for long periods, e.g. carrying furniture, forestry work (felling trees), heavy non-mechanized agricultural work, fishing with heavy tackle, heavy construction work, manual excavation.
All injuries sustained since the baseline examination were classified by a physician according to the eighth edition of the International Classification of Diseases (ICD) on the basis of all information available in the medical history, symptoms and physical findings in the clinical examination. Musculoskeletal injuries were taken into account only if they had led to permanent damage or to any continuing impairment or complaint. All participants signed a written informed consent, and the study was approved by the Ethical Committee for epidemiology and public health in the hospital district of Helsinki and Uusimaa, Finland.
Statistical analyses
Multivariate analyses with logistic regression were used to estimate the risk of hip OA according to the baseline risk factors and potential confounding factors. Relative risks were estimated as adjusted odds ratios (OR) with 95% CIs. To study the effect modification, the first-degree multiplicative interaction terms of workload and injury, one by one, were entered into the logistic model. Statistical significance of the interactions was tested with the likelihood ratio test and expressed as exact P-values. All analyses were performed using the SAS System for Windows, version 9.1 (SAS Institute, Inc., Cary, NC, USA). (6) 12 (3) 11 (1) 369 (5) a Excluded from the analysis in the follow-up study. history of previously diagnosed hip OA without documentation; documented previous diagnosis of hip OA but no grounds for the diagnosis given. OR Clinical findings suggesting hip OA (slightly restricted extension or inner or outer rotation or at least moderately restricted abduction-adduction) but no corresponding history.
Results
After 22 yrs of follow-up, hip OA was diagnosed in 17 men (4.9%) and in 24 women (5.1%). Table 3 shows the ORs for each of the risk factors for suffering hip OA, adjusted separately for age and sex, and for all covariates. Heavy manual labour proved to be a significant predictor of the development of hip OA even when adjusted for all covariates included into the model (Table 3) .
In addition, those individuals who had sustained any musculoskeletal injury that had led to permanent damage or to continuing impairment were found to have a significantly higher risk of developing hip OA compared with those without such an injury. Hip OA developed during the follow-up in seven subjects who had sustained some major injury, even though in only two of these subjects the actual injury had affected the hip region. One of the subjects had sustained a fracture of the femoral diaphysis and the other had been a victim of a distended thigh. The remainder had suffered a lumbar vertebral fracture, ankle distension or a variety of injuries affecting the finger joints.
Years of education, BMI, smoking, alcohol intake and leisure time physical activity showed no significant prediction with respect to the development of hip OA (Table 3 ) and none of these factors modified the risk of hip OA connected with heavy labour or major injury (data not shown).
Discussion
Physical loading related to heavy manual work and permanent damage as a consequence of any musculoskeletal injury proved to be independent risk factors predicting the development of hip OA in our population-based study which had a follow-up period extending up to 22 yrs.
Many factors are involved in the aetiology and pathogenesis of OA, e.g. genetic factors, the effects of ageing on cartilage matrix composition and structure, and mechanical stress [35] . Heavy physical loading has been reported to induce joint damage and contribute to the development of OA in the lower extremity [36] . In agreement with this, we found that the risk of hip OA was elevated in those subjects exposed to heavy workloads.
In the Framingham study [16] , both men and women who had suffered major knee injuries in the past were subsequently prone to develop knee OA. That result strongly pointed to a causal connection between prior traumatic injuries and the development of knee OA. Cross-sectional studies [22] [23] [24] [25] have inferred that traumatic injuries might also give rise to hip OA. We have previously reported that prior injuries to the lower limb were closely associated with unilateral but not bilateral hip OA [25] . Nonetheless, the findings of the present study were surprising: subjects who had sustained traumatic injuries displayed a 5-fold risk of developing hip OA during the follow-up period. A closer inspection of the anatomical distribution of the traumatic injuries indicated that the hip joint was only rarely directly affected in these cases. One possible explanation for this finding might be that subjects were overloaded and under pressure at work and therefore more liable to sustain traumatic injuries to a variety of parts of the body.
There is some evidence for a positive association between obesity and the development of hip OA [26] . We hypothesized that within 22 yrs of follow-up, this excess weight would emerge as a strong independent risk factor for hip OA. This is a reasonable assumption, i.e. overweight overloads the weight-bearing joints and therefore could contribute to the development of hip OA. In the present study population, rather few of the subjects had a BMI 30. Thus, we were unable to determine whether, or to what extent, obesity contributed to the development of hip OA. Nevertheless, we believe that obesity, which is a modifiable risk factor for several common health problems, should not be ignored as a potential risk factor for developing hip OA.
The main strengths of our study are linked to its design: it was a population-based, prospective study with a long follow-up period. Hip OA was diagnosed by specially trained physicians applying uniform diagnostic criteria, taking into account medical histories, symptoms and the physical status of the hip joints assessed according to a standardized clinical procedure. This kind of clinical diagnosis based on such a procedure combining symptoms and physical findings is rather sensitive but clearly less specific when compared with radiographic detection [5] . The results of the present study may therefore differ from observations made in other studies, which have diagnosed hip OA on the basis of radiographic findings.
One limitation of our study is that we did not apply the diagnostic criteria of the ACR. This omission resulted from the fact that the baseline survey was conducted more than two decades ago and at that time the ACR criteria had not been devised. In the follow-up examination, we were obliged to adhere to the original criteria, in conformity with the methods of the Mini-Finland Health Survey. The relatively wide CIs of the risk estimates resulting from the weak statistical power constitute another limitation of our study.
In addition, due to deficient baseline information, heredity had to be disregarded in our study. It should be noted that certain occupations may 'run in the family'. Thus, we cannot rule out the possibility that the association observed between hip OA and high physical work load may have been confounded by genetic factors. Further studies should consider this kind of confounding in the development of hip OA. This is the first population-based prospective study indicating that heavy physical workloads and past musculoskeletal injuries independently of other potential risk factors predict the development of hip OA over the long term. Since the risk of hip OA was so strongly related to occupational workloads this suggest that preventive measures should be targeted at those kinds of workplaces imposing high physical demands on their employees. Obviously, the aim should be set at reducing the risk of hip OA and its functional and economic consequences through improved working conditions and better ergonomics. In view of our findings, such measures would merit in-depth investigation.
